The microwave spectrum of methyl selenocyanate has been observed for the isotopic species  12CH380Se12C14N, 12CH378Se12C14N, i 2CH377Sei2C i4N, i 2CH376Sei2Ci4N, i 2CH382Sei2C14N,  13CH380Se12C14N and i 3CH378Sei2C14N .
I. Introduction
Although methyl selenocyanate has formerly been prepared [1, 3] its infra-red and Raman spectra characterised [1, 2 ] and its liquid phase dipolemoment measured [3] , neither structural data nor microwave measurements have yet been reported.
The microwave spectrum between 8 and 40 GHz was measured, and the strongest transitions in the spectrum are a-type R-branch lines of a somewhat asymmetric rotor (x ~ -0.77). As the selenium atom has five important isotopes and as methylselenocyanate has internal rotation of the methyl group and a C-Se-C bending vibration [1, 2 ] of 168 cm-1 the spectrum of each rotational transition contains many lines. A scan of the microwave spectrum of methyl selenocyanate between 18.0 and 26.5 GHz is shown in Figure 1 . dependence of the effective barrier height wT ith increasing excitation of rio has been observed, and the effect of this on the spectrum is illustrated in Figure 2 . The rotational constants, structure, dipolemoment components and effective internal rotation barrier heights in the = 0 , 1 and 2 vibrationally excited states are reported, where ^io represents the lowest in-plane bending mode consisting mainly of the C-Se-C bending vibration. A strong 
II. Experimental Procedures
In the small scale preparation of the molecule, commercially available KSeCN was used, and converted to the silver salt by metathesis wT ith aqueous silver nitrate. The precipitate was washed, dried and ground. The resultant powder was pumped under vacuum until thoroughly dry, and left to stand with methyl iodide for about six hours at room temperature. The volatile products wrere collected and vacuum distilled. 13CH3SeCN was prepared as above using 13C enriched methyl iodide. The microwave spectra were recorded using a commercial Hewlett-Packard model 8460A M RR spectrometer. All spectra wrere taken at room temperature because it was not possible to cool the cell sufficiently due to the low vapour pressure of the molecule. The species 12CH380Se12C14N will throughout the paper be referred to as the "main" isotopic species, and it was for this species that not only the a-type R-branches but also the a-type Q-branches (up to J = 42, K a =10) were measured ( Table 1) . Un fortunately, neither b-type nor AK^ -2 transitions were observed. In principle every transition appears as a doublet due to internal rotation, but in some cases, these splittings were not resolved. In these cases, the frequency of the A species was determined by adding half the calculated splitting derived from the internal rotation parameters to the central frequency of the transition. Those corrected fre quencies were then used in the centrifugal distortion fit. Furthermore, many transitions showed effects due to the quadrupole interaction of the 14N nucleus, but a lineshape analysis was not performed due to additional complications such as internal rotation splittings and other transitions interfering with the lineshape. For such transitions no fre quencies are reported.
III. Results
The assignment of the high-J Q-branch lines was strongly assisted by the characteristic doublet structure due to internal rotation splitting, which shows a smooth trend in its behaviour with J and K &. At first sight, it is expected that one should be able to fit the rotational constants A, B, C and four centrifugal distortion constants D j, Dj k , dj and 6k to the transitions of the main isotopic species (Table 1) , and then if that gives a standard deviation higher than the experimental error to try adding a sextic centrifugal distortion term, either h j , hJK or hK to improve the fit. This argu ment is based on having only a-type Q-branch transitions for high J , and having observed only A K & = 0 transitions. However, due to the asym metry of the molecule, Dk also has a significant contribution to the transition frequencies, especially at the high J quantum numbers. Four centrifugal distortion fittings were tried, using in turn Dk , hj, hjK and Kk as the eighth variable parameter, and this yielded standard deviations of 0.03, 0.09, 0.09, and 0.09 MHz, respectively. It is therefore con cluded that for this species, the five quartic centrifugal constants may be fitted and represent the spectrum more faithfully than four quartic (1) using the least-squares adjusted spectroscopic constants (in MHz) given in Table 13 and constraining all centrifugal distortion constants to those of 12CH380Se12C14N (Table 1) .
b Internal rotation splitting unresolved. Frequencies corrected by half the calculated splitting using 12CH380Se12C14N ground state internal rotation param eters (Table 16 ). terms and any one sextic term. The Hamiltonian used was
and the fit is shown in Table 1 .
For other isotopic species and excited states, the centrifugal distortion parameters were con- Frequencies corrected by half the calculated splitting using the internal rotation parameters for the stete i'io = 1 (Table 16 ). strained to those of the ground state as fewer transitions were observed. The fits obtained for all measured CHsSeCN species are listed in Tables 1-11 and comparison of the rotational constants and inertial defects of these species are shown in Table 12 . It can be seen that the ground state inertial defects are somewhat higher than expected for a molecule with a planar heavy atom structure and a methyl group, but examination of the rotational constants and inertial defects of the i>io = 1 and v\ q = 2 states shows a regular trendspecifically the increase of the inertial defect by about 1 uÄ2 per excitation of Vio. If the inertial defects are corrected for the contribution due to V \ q , an inertial defect of -3.343 uÄ2 is obtained for the main species. Knowing that no =168 cm-1 from the Raman spectrum [2] , we can perform a crude calculation predicting the change of inertial defect with Vio using
(where K = h/87i2c = 16.8627 uÄ2/cm) based on the formulation of Herschbach and Laurie [4] , and this yields 0.80 uÄ2, as compared with the experimental value obtained of 0.981 uA2, which considering the crudity of the calculation, accounts for the mag nitude of this effect.
IV. Structure
Not enough isotopic species have been measured to perform a complete structural determination, but the analysis that was done consisted of first calculating the rs-coordinates of the selenium atom and the methyl carbon atom, using the rotational constants corrected for the zero point effect of n o , and applying the appropriate Kraitchman equation [5] . This yields an rs value for the (Hs)C-Se internuclear distance of 1.956 Ä, and also an rs value for the angle the (H3)C-Se bond makes with the z-axis of 70. 4 Table 13 . Rotational constants and inertial defects of observed methyl selenocyanate species (symmetry A-species). Table 14 . Structural Parameters of CHsSeCN.
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a Determined from the r3 coordinate analysis.
b Constrained values. The C = N distance was constrained to that of the rs value in CH3SCN, and the methyl geometry derived from the mean of the in-plane and outof-plane methyl hydrogen rs structural parameters in CH3SCN [6] .
c Determined using an ro structure fitting to the ^io-corrected rotational constants, constraining all other structural parameters.
constraining the (H3)C-Se distance to the value obtained from the rs coordinates, and also constrain ing the methyl group geometry and C = N distance. The C = N internculear distance was constrained to 1.170 A, which is the value derived from the rs-structure of CH3SCN [6] . The methyl group parameters assumed were 1.080 Ä for the C-H distance and 107 degrees for the H-C-Se angle. These numbers are essentially the mean of the 7* s values for the in-plane and for the out-of-plane methyl group parameters in CH3SCN. Finally the Se-C-N chain was assumed to be linear and the heavy atom structure assumed to be planar. The Se-C(N) distance and the C-Se-C bond angle were then fitted and the structural parameters are given in Table 14 . It should be appreciated that the derived structure is essentially an tq structure, except that corrections have been applied to account for the disproportionately large contributions of the zero-point effects of vio to the moments of inertia, and that certain constraints have been applied derived from an incomplete rs analysis and by analogy with the molecule CH3SCN. It can be seen that the Se-C(N) distance is about 0.14 Ä shorter than that of HsC-Se. The rs structure of CH3SCN [6 ] shows that the S-C(N) distance is also about 0.14 A shorter than that of H 3C-S, and it can be concluded on this basis that the selenium atom and the sulphur atom form similar X-C bonds in these molecules.
V. Internal Rotation
The presence of a methyl group in the molecule gives rise to internal rotation, and indeed some of the ground-state lines were observed to be split. These splittings were fitted to a PAM Hamiltonian [7] assuming only the three-fold term in the potential F (r) = | F3 (1 -cos 3 r), and including contributions up to 4th order.
: In the first excited torsional state, the magnitude of the splittings is far greater than in the ground torsional state. For the transitions in the first excited torsional state (vT=\), the methyl group moment of inertia / a was constrained, and both the barrier height F3 and the angle of the methyl group with 2-axis were fitted. The results of the fitting in the first excited torsional state are shown in Table 15 . The difference between the 6Z obtained from this fit and the angle between the (H3)C-Se bond and 2-axis calculated from the rs-coordinates suggests that the tilting of the methyl group is of the order of 1.5 degrees. For transitions arising from the ground torsional state, the results were somewhat insensitive to the value of dz, so it was constrained to 69°. (This is very close to the 0Z obtained from the fit in the excited torsional state, and also from the angle between the (H3)C-Se bond and 2-axis calculated from the rs-coordinates.) The splitting of transitions for any rotational level increases with excitation of t>io, suggesting that the effective barrier height decreases strongly as a function of v\ q. This behaviour of barrier height with vio is analogous to that of CH3SCN [8] . However, only effective v$ values are reported, and a full torsion-vibration-rotation treatment similar to that of Andresen and Dreizler [9] has not been attempted. The results of the fitting in the ground torsional state, and in the t;10 = 0 , 1 and 2 vibra tional states are shown in Table 16 . The close fit of the transitions in the v\ q = 1 and v10 = 2 vibrational states to an asymmetric rotor Hamiltonian and the very regular increase of the rotational constants and inertial defect with v\ q discussed earlier, coupled with the fairly regular increase of effective barrier height with t'io and the similarity of the effective barrier heights between molecules in the ground and first torsionally excited states suggest very strongly that Coriolis coupling between the C-Se-C bending mode and torsional mode is very weak. A similar assertion has been made for CH3SCN [10] , but with less data. Table 17 shows comparison of some CH3X-bonded molecules for X being O, S and Se. There is always a decrease in barrier height on going from the sulphur to the selenium species, but the behav iour with respect to oxygen and sulphur species is irregular. It is however felt that ( C H^X molecules are not representative of these molecules due to extra interactions between the bulky methyl groups, especially for the small C-0 distance, and that CH3OCN would have a barrier to internal rotation of somewhat lower than 1570 cal/mole.
VI. Dipole Moments
The Stark shifts of the M-components of the 4 o4 3 o3 and 4 i 4 +-3 i 3 transitions were measured as a function of applied electric field, and the dipole moment components were fitted. The cell was first calibrated using OCS.
jU a, was found to be 4.18 ±0.05 D, and ju\ j to be 0.74 ^ 0.03 D, where the errors are one standard deviation. It is because of this lower value of / jlb that b-type transitions were unable to be found. The total dipole moment //tot = 4.24 ^ 0.05 D is comparable to the liquid-phase dipole moment [3] jui) = 0.39 D and a total dipole moment /utot -4.13 D. These numbers are very close to those of CH3SCN [6 ] , which has been measured to give y M a = 4.11 D.
Furthermore, the relative signs of and jud have been determined for CH3SCN [10] . It has been shown from arguments based on a quadrupole a from Ref. [8] , e from Ref. [15] , b from Ref. [12] , f from Ref. [16] , c from Ref. [13] , g from Ref. [17] . d from Ref. [14] , analysis [11] that in CH3SCN, there is approximately a 1 0 % contribution ofthe structure CH3-+S=C=N~ to the bonding, and it is felt that a similar amount of the corresponding ionic resonance structure con tributes to the bonding in CH^SeCN. This conclusion is based on the similar difference between the H 3C-X and X-CN distances and also on the similar total dipole moments of the two molecules *. 
